This paper reported that the combined X-ray diffraction and DFT computational study on molecular structure of the title compound, [C 27 H 25 N 3 O 2 S]. The compound contains a cyclobutane, a triazole and three phenyl rings. The molecular geometry of the compound was brought to light by X-ray single crystal structure determination. X-ray study shows that the title compound has a weak intermolecular C-O···π interaction as well as many D-H···A and D-H···π hydrogen bonds. The initial guess on the compound was first obtained from the X-ray coordinates which were optimized by Density Functional Theory (DFT)/B3LYP method with 6-31G(d, p) and 6-31G+(d, p) as basis sets. DFT electronic structures were compared to the experimentally determined molecular structure in the solid state.
INTRODUCTION
In recent years, the synthesis and structural investigation 1,2,4-triazole derivatives have attracted considerable attention because of their pharmacological and biological properties such as antibacterial [1] [2] [3] , antidepressant [4] , antitubercular [5] , analgesic [6] , antiviral [7] , etc. Cyclobutane itself is of no commercial or biological significance, but more complex derivatives are important in biology and biotechnology [8] . It is well known that 3-substituted cyclobutane carboxylic acid derivatives exhibit antiinflammatory and anti-depressant activity [9] , and also liquid crystal properties [10] . When these effects are taken into account, compounds containing 1,2,4-triazole and cyclobutane rings has become more remarkable.
In this study, a novel compound named as 2-((4,5-diphenyl-4H-1,2,4-triazol-3-yl)thio)-1-(3-methyl-3-phenylcyclobutyl)ethanone is firstly synthesized in our laboratories by us. Previously, we have reported the cyclobutane derivatives compound [11] [12] . The difference of this study from the other studies, the molecular structure of the compound is supported by theoretical studies. Because it is given good results in the calculation of the molecular geometry, density functional theory (DFT) method was used in the theoretical calculations.
Our work makes up of the synthesis, X-ray molecular structure analysis and Density Functional Theory (DFT) studies of the title compound.The molecular structure of the title compound brought to light by X-ray diffraction. The initial guess of the compound was first obtained from the X-ray coordinates was optimized by DFT/B3LYP method with 6-31G(d, p) and 6-31G+(d, p) as basis sets. The calculated geometric parameters (bond lengths, bond angles and torsion angles) of theoretical structures were compared with their experimental data.
EXPERIMENTAL DETAILS Synthesis of the Compound
A mixture of 4,5-diphenyl-4H-1,2,4-triazole-3-thiole (2.5332 g, 10 mmoL) and 2-chloro-1-(3-methyl-3-phenylcyclobutyl)ethanone (2.2271 g, 10 mmoL) in 10 mL of dry acetone was stirred for 2h (TLC) in the presence of 10 mmoL anhydrous K 2 CO 3 . Solvent was evaporated under reduced pressure and the residue triturated with water. Thus obtained white precipitate separated by suction, washed with water several times, dried in air and crystallized from acetone. Yield: 83%, melting point: 462 K.
Crystal structures determination and refinement
A suitable sample of size 0.760 x 0.383 x 0.090 mm was selected for the crystallographic study. All diffraction measurements were performed at room temperature (296 K) using graphite monochromated Mo Kα (λ = 0.71073 Å) radiation and an STOE IPDS 2 diffractometer. A total of 12978 reflections with [1.4˚ < θ < 25.7˚] were collected in the rotation mode and cell parameters were determined by using X-AREA software [13] . Absorption correction (µ = 0.17 mm -1 ) was achieved by the integration method via X-RED software [13] . The structure was solved by direct methods using SHELXS-97 [14] . All nonhydrogen atoms were refined anisotropically by the full-matrix least squares procedure based on F 2 using SHELXL-97 [15] . All H atoms were positioned geometrically and treated using a riding model, fixing the bond lengths at 0.93, 0.97 and 0.96 Å for CH, CH 2 and CH 3 atoms, respectively. The general purpose crystallographic tool PLATON [16] was used for the structure analysis and presentation of the results. The program ORTEP-3 [17] for Windows was used preparation of the figures.
Scheme Synthetic pathway for the synthesis of the target compound.
Theoretical calculations
All the calculations were performed by using Gaussian 03 package [18] and Gauss-View molecular visualization software [19] on the personal computer without restricting any symmetry for the title. For modeling, the initial guess of the compound was first obtained from the X-ray coordinates and this structure was optimized by Density Functional Theory (DFT)/B3LYP method with 6-31G(d, p) and 6-31G+(d, p) as basis sets. From the optimized geometry of the molecule, geometric parameters (bond lengths, bond angles, torsion angles) for the title compound have been calculated theoretically and compared with the experimental data. Besides, the frontier molecular orbital (FMOs), molecular electrostatic potential (MEP), and Mulliken charges were investigated.
RESULTS AND DISCUSSION

Molecular geometry
The atomic numbering scheme for the X-ray structure (C 25 H 32 N 2 OS 2 ) and theoretical geometric structure of the title compound are shown in Fig. 1 . X-ray diffraction analysis has revealed that the title compound crystallizes in orthorhombic system with space group C 2/c. The unit cell dimensions are a = 27.1633 (16) Details of the data collection conditions and the parameters of the refinement process are given in Measurement method ω taraması
Reflections collected 12978
Independent reflections 4347
Observed reflections [I > 2σ(I)] 2537
Absorption correction Integrasyon (X−RED32)
T min , T max 0.9473, 0.9892
Parameters 289
The title compound has ''C1'' symmetry and is contains a cyclobutane, a 1,2,4-triazole and three phenyl rings. It is composed of a 1,2,4-triazole ring, with an phenyl connected to the 2-and 4-position of the ring and a cyclobutane via S1, C14, C13 atoms in the 4-position. The dihedral angles between the cyclobutane plane A (C8-C11) and the 1,2,4-triazole plane B(N1/N2/C15/N3/ C14) is 69.91 (9)°.
Cyclobutane ring has a butterfly conformation. The bond length between the carbon atoms average 1555 Å and bond angles formed by three carbon atoms are average 88° in this conformation [20] . For the title compound, these values was obtained as 1.554 Å and 88.42°, respectively. Also, when the bond lengths and angles of the cyclobutane ring in the compound are compared with the previously reported cyclobutane derivatives [21] [22] , it is seen that there are no significant differences. Since the cyclobutane ring puckered to reduce the torsional stress, it is not planar. The amount of deviation from planar for the cyclobutane ring was found to be 0.1178 Å. In the 1,2,4-triazole ring, the N-N bond length is 1.399 (2). This value is close to the corresponding value reported in literature value, 1.395 (2) Å [23] . The 1,2,4-triazole ring is planar with a maximum deviation of 0.0028 Å.
In the crystal structure, molecules are linked by many hydrogen bonds. The C13-H13B···N2, C11-H11···N2, C13-H13B···N1 and C25-H25···O1 interactions carried out formation of, and ring motifs, respectively. Perspective view of the C25-H25···O1 interactions in the unit cell is shown in The molecular structure of the title compound was also calculated theoretically. The starting geometry was those obtained from the X-ray structure determination was optimized using Density Functional Theory (DFT/B3LYP) method with the 6-31G(d, p) and 6-31G+(d, p) basis sets in ground state. The total energy, zero-point vibrational energy, entropy and dipole moment values obtained for optimized geometries are presented in Table 3 . Conventionally, two methods was used in comparison the molecular structures. The first method is to calculate the correlation value (R 2 ). The optimized geometrical parameters (bond lengths, bond angles and torsion angles) calculated by B3LYP/6-31G(d, p) and B3LYP/6-31G+(d, p) methods are listed in Table 4 . We have created the correlation graph in Fig. 3 based on the correlation calculations. Calculated R 2 values are 0.9929 and 0.9926 for bond lengths, 0.9835 and 0.9832 for bond angles, 0.9959 and 0.9948 for torsion angles at B3LYP/6-31G(d, p) and B3LYP/6-31G+(d, p) levels, respectively. According to correlations values, the B3LYP/6-31G+(d, p) method gave accurate results for the bond lengths, bond angles, torsion angles compared with the B3LYP/6-31G(d, p) method. The second method, comparing the structures obtained with the theoretical calculations is by superimposing the molecular skeleton with that obtained from X-ray diffraction, giving a RMSE of 0.204 Å and 0.222 Å for B3LYP/6-31G(d, p) and B3LYP/6-31G+(d, p) levels, respectively. (Fig. 4) . According to these results, it may be concluded that the B3LYP/6-31G(d, p) calculation well reproduce the geometry of the title compound. While making these comparisons, it does not forget that the theoretical calculations carried out in gas phase.
Frontier molecular orbitals (FMOs)
The distributions of the HOMO and LUMO orbitals computed for the B3LYP/6-31G(d, p) and B3LYP/6-31G+(d, p) levels for the title compound are shown in I=-E HOMO A=-E LUMO respectively [24] . The HOMO and LUMO energies, the energy gap (ΔE), the ionization potential (I), the electron affinity (A), the absolute electronegativity (χ), the absolute hardness (η) and softness (S) for molecule have been calculated at the same levels and the results are given in Table 5 . 
Molecular electrostatic potential (M.E.P.)
The molecular electrostatic potential (MEP) of compound was determined using B3LYP/6-31G(d, p) and B3LYP/6-31G+(d, p) levels (Fig. 6) . The color code of these maps are in the range between -0.063 a.u. (red) to 0.063 a.u. (blue) for B3LYP/6-31G(d, p) and -0.061 a.u. (red) to 0.061 a.u. (blue) for B3LYP/6-31+G(d, p). The negative (red color) regions are mainly localized on the atoms O1, N1 and N2. These settlement predicts that atoms in these regions act as acceptor in hydrogen bondings. Fig. 6 confirms the intramolecular and intermolecular hydrogen bondings in Table 2 . 
Mulliken population analysis
The Mulliken charge distributions of compound was calculated using B3LYP/6-31G(d, p) and B3LYP/6-31G+(d, p) levels. The calculated charge for all atoms has been given in Figure 7 . It is well-known that the Mulliken charges confirm the hydrogen bonding in the molecular structure of compound. For the title compound, the Mulliken charge corresponding to the atoms in hydrogen bondings is shown in Table 6 . 
CONCLUSION
The title compound, 2-((4,5-diphenyl-4H-1,2,4-triazol-3-yl)thio)-1-(3-methyl-3-phenylcyclobutyl) ethanone, was investigated both experimentally and theoretically. The important conclusions to be obtained from this study are as following:
1.
The compound was synthesized and its molecular structure by single-crystal X-ray diffraction method has been brought to light in our laboratory. The crystal structure and geometric parameters of the compound was obtained with high accuracy.
2.
The initial assumption of the compound was first obtained from the X-ray coordinates was optimized by Density Functional Theory (DFT)/B3LYP method with 6-31G(d, p) and 6-31G+(d, p) as basis sets. It was compared the calculated molecular geometries with their X-ray data and an excellent harmony between the two data was ascertained.
3.
The frontier molecular orbitals (HOMO and LUMO) and related to parameters was generated by theoretical results.
4. The Molecular electrostatic potential (MEP) map shows that the negative potential sites are on electronegative atoms and the positive potential sites are around the hydrogen atoms. The calculated maps for the title compound verify the hydrogen bondings in the crystal structure.
5.
The calculated Mulliken charges confirm the hydrogen bondings in the crystal structure.
It was noted here that the experimental results belong to solid phase and theoretical calculations pertain to gaseous phase.
